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ABSTRACT
Objective To quantify the contribution of smoking during
pregnancy to social inequalities in stillbirth and infant death.
Design Population based retrospective cohort study.
Setting Scottish hospitals between 1994 and 2003.
Participants Records of 529317 singleton live births and
2699 stillbirths delivered at 24-44 weeks’ gestation in
Scotland from 1994 to 2003.
Main outcome measures Rates of stillbirth and infant,
neonatal, and post-neonatal death for each deprivation
category (fifths of postcode sector Carstairs-Morris
scores); contribution of smoking during pregnancy (“no,”
“yes,” or “not known”) in explaining social inequalities in
these outcomes.
Results The stillbirth rate increased from 3.8 per 1000 in
the least deprived group to 5.9 per 1000 in the most
deprived group. For infant deaths, the rate increased from
3.2 per 1000 in the least deprived group to 5.4 per 1000
in the most deprived group. Stillbirths were 56% more
likely (odds ratio 1.56, 95% confidence interval 1.38 to
1.77) and infant deaths were 72%more likely (1.72, 1.50
to 1.97) in the most deprived compared with the least
deprived category. Smoking during pregnancy accounted
for 38% of the inequality in stillbirths and 31% of the
inequality in infant deaths.
Conclusions Both tackling smoking during pregnancy and
reducing infants’ exposure to tobacco smoke in the
postnatal environment may help to reduce stillbirths and
infant deaths overall and to reduce the socioeconomic
inequalities in stillbirths and infant deaths perhaps by as
much as 30-40%. However, action on smoking on its own
is unlikely to be sufficient and other measures to improve
the social circumstances, social support, and health of
mothers and infants are needed.
INTRODUCTION
Both stillbirth and infant mortality show a social gradi-
ent within developed countries.1-6 Furthermore, the
Department of Health in England uses the closing of
the relative gap in infant mortality between the routine
and manual occupational group and the population as
a whole as a key public health target.7 As smoking dur-
ing pregnancy has been clearly linked to stillbirths and
infant deaths,8-11 and as smoking rates during preg-
nancy vary markedly with socioeconomic position,12
jointly exploring the effects of smoking and those of
socioeconomic position is of interest. This will answer
the question of how much of an effect smoking during
pregnancy has on the social inequalities gap in still-
births and infant deaths. Few studies have examined
this question directly,13-15 but it is important in quanti-
fying not only how many deaths might be avoided by
intervening to prevent or reduce smoking during preg-
nancy but also whether the social gradient in stillbirths
and infant deaths could be attenuated by antismoking
measures. We have previously shown that smoking
during pregnancy may have contributed to some of
the social gradients in preterm birth in Scotland in the
period 1994-2003.16 Here, we examine the effects of
smoking on social gradients in stillbirths and infant
deaths. Specifically, our aim was to study the effect of
area deprivation on rates of stillbirth and infant mor-
tality in Scotland for the 10 year period 1994-2003 and
to establish whether smoking during pregnancy con-
tributed to these gradients and, if so, to what extent.
METHODS
Information on all maternity admissions to all Scottish
hospitals is recorded on Scottish morbidity record
forms (SMR02), which are collated on a national data-
base. This database contains information on demo-
graphic characteristics, including maternal place of
residence clinical details of care, and data on birth out-
comes such as gestational age at delivery. As less than
1% of births take place outside of hospital in Scotland,
this database effectively allows the construction of a
pregnancy and birth cohort study of all maternities in
a general population of just over five million people
containing around onemillion women of reproductive
age and 55 000 births a year.
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We extracted records of all stillbirths and live
singleton births delivered at 24-44 weeks’ gestation in
1994-2003 (n=541 557). We chose this period because
information on maternal smoking was not collected
before 1994. We then excluded babies with recorded
birth weights of less than 500 g or more than 6499 g,
mothers recorded as 10 years old or younger, and
records that were missing data on area deprivation
score, infant sex, maternal age, or parity.We therefore
included data on 529 317 live births and 2699 still-
births during 1994-2003. Information on deprivation
score was missing in 1.7% of records. Smoking during
pregnancy was coded as “no,” “yes,” or “not known.”
As 9.4%of the records for smokingwere eithermissing
or recorded as unknown and the characteristics of the
“not known” group were of interest to us, we did not
exclude them from the analysis but treated them as a
distinct group. For all other variables, less than 0.1% of
the data were missing.
Stillbirth was defined and applied after 1992 in Scot-
land as “a child which has issued forth from its mother
after the twenty-fourth week of pregnancy and which
did not at any time after being completely expelled
from its mother breathe or show any other signs of
life.”17 Infant deaths were subdivided into death of a
liveborn infant within the first 28 days of life (neonatal
deaths) and death of a liveborn infant after the first
28 days of life but before 1 year of age (post-neonatal
deaths).
Gestational age at birth was reported in completed
weeks and based on the best estimate of gestation at
birth from an ultrasound dating scan, the date of the
last menstrual period, or both. Preterm delivery was
defined as delivery at less than 37 weeks’ completed
gestation. Socioeconomic status was categorised by
using quintiles of area based deprivation scores
derived from postcode sector Carstairs-Morris scores
for the whole population (using 2001 census data).18
Deprivation category 1 corresponds to the least
deprived fifth, and category 5 corresponds to the
most deprived fifth. We created a variable called
“obstetric intervention” in a hierarchical way as fol-
lows. Any birth in which labour was induced was
classed as an induction regardless of the final mode of
delivery. Any delivery by caesarean section that was
not induced we termed either emergency caesarean
or elective caesarean. In other words, any references
to deliveries after caesarean section were those that
did not have induced labours. Low birth weight was
defined as weighing 2500 g or less at birth. Maternal
age at time of birth was grouped into five age bands,
and parity was classified as “no previous births” or
“one or more previous births.”
We determined stillbirth rates as the number of still-
births as a proportion of all live singleton births and
stillbirths in the period and expressed the result per
1000 total births. We determined rates of infant, neo-
natal, and post-neonatal death as the number of deaths
in each group as a proportion of all live singleton births
in the period and expressed the result per 1000 live
births. We determined the number of live births, still-
births, and infant deaths in each deprivation category
as well as the corresponding stillbirth and neonatal,
post-neonatal, and infant death rates. We then
calculated the odds ratios for stillbirth and for neonatal,
post-neonatal, and infant death, comparing each depri-
vation categorywith the least deprived (reference) cate-
gory.Weusedmultiple logistic regressionmodelling to
derive odds ratios adjusted for maternal age, parity,
infant sex, and obstetric intervention (model A) and
Table 1 | Characteristics of mothers and births by deprivation category in Scotland 1994-2003 for 532 016 births (529 317
live births and 2699 stillbirths). Values are percentages
Characteristic
Deprivation category
1 (least) (n=98 745) 2 (n=96 622) 3 (n=104 260) 4 (n=110 570) 5 (most) (n=121819)
Maternal age:
<20 4.4 7.6 10.8 13.9 18.2
20-24 8.3 12.5 15.8 17.8 20.6
25-29 27.3 30.6 31.6 30.8 29.0
30-34 39.1 33.1 28.6 26.2 22.3
≥35 21.0 16.2 13.2 11.3 9.9
No previous births 43.9 44.4 45.5 45.4 44.4
Obstetric intervention:
Spontaneous labour 59.8 59.4 59.5 58.8 59.5
Induced labour 24.6 25.7 26.1 26.6 26.6
Elective caesarean 7.7 7.1 6.6 7.0 6.5
Emergency caesarean 7.9 7.7 7.9 7.7 7.4
Smoking during pregnancy:
Yes 13.2 19.6 24.6 29.7 38.4
No 80.0 71.5 64.9 60.0 51.5
Not known 6.8 8.9 10.5 10.3 10.2
Preterm 4.8 5.3 5.7 6.1 6.9
Birth weight <2500 g 4.1 4.6 5.5 6.1 7.6
Male infants 51.2 51.3 51.0 51.2 51.4
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for maternal age, parity, infant sex, obstetric inter-
vention, and smoking status (model B).
The contribution of smoking in explaining the social
inequalities in outcome between themost and the least
deprived categories was calculated by using the
method outlined by Singh-Manoux et al.19 Contribu-
tion of smoking=100×(ORB−ORA)/(ORA−1), where
ORA is the odds ratio of outcome in deprivation cate-
gory 5 compared with deprivation category 1 adjusted
for year of birth, maternal age, parity, infant sex, and
primary obstetric intervention and ORB is the odds
ratio of outcome in deprivation category 5 compared
with deprivation category 1 adjusted for the above
variables plus smoking during pregnancy. This calcu-
lation generates a quantity that specifically identifies
the relative contribution of smoking, as a risk factor,
in explaining social inequalities in stillbirths and infant
deaths. It differs from the measure known as popula-
tion attributable risk, which estimates the reduction in
stillbirths and deaths that would be seen if the entire
population of prenatal women did not smoke. We
used SAS, version 9.1 for all analyses.
RESULTS
The most deprived mothers tended to be younger and
to bemore likely to smoke and to give birth to preterm
or low birthweight babies (table 1). Equally, the least
deprived mothers were more likely to be older, non-
smokers, and less likely to give birth to preterm or low
birthweight babies.Women in themost deprived cate-
gory were three times more likely to smoke during
pregnancy than were those in the least deprived cate-
gory (38% v 13%).
Overall, 2699 stillbirths and 2182 infant deaths
occurred, corresponding to rates of 5.1 stillbirths per
1000 total births and 4.1 infant deaths per 1000 live
births. However, for stillbirths, the rate increased
from 3.8 per 1000 in the least deprived group to 5.9
per 1000 in themost deprived group.We found a simi-
lar pattern in the neonatal, post-neonatal, and infant
death rates (table 2).
The rates of stillbirthwere lowest in the non-smokers
and highest in the smoking “not known” category
(table 3). We saw a similar pattern in the infant death
rate and neonatal death rate.
Theodds ratios for stillbirths and infant deaths in each
deprivation category compared with the least deprived
category clearly show a social gradient in all outcomes,
with increasing odds related to increasing deprivation
(table 4). Comparing mothers in the most deprived
category with those in the least deprived category
showed that stillbirths were 56% (odds ratio 1.56, 95%
confidence interval 1.38 to 1.77) more likely and that
infant deaths were 72% (1.72, 1.50 to 1.97) more likely
in the most deprived group. Although an increased risk
of neonatal death also existed in this group (37%), the
really striking finding is that post-neonatal deaths were
two and half times more likely in the most deprived
group (odds ratio 2.56, 2.02 to 3.24).
After adjustment for the differences in age distribu-
tions, parity, infant sex, and differences in obstetric
intervention, the social gradientwas slightly attenuated
but still marked and statistically significant. After
further adjustment for smoking during pregnancy,
some attenuation in the gradient again occurred but a
clear and significant trend was still apparent. Compar-
ing mothers in the most deprived category with those
in the least deprived category showed that stillbirths
were 32% more likely and infant deaths were 35%
more likely in the most deprived group. Assessment
of the contribution of smoking to the inequality
between the most and least deprived groups indicated
that smoking accounted for about a third of the
inequality: 38% of stillbirths and 31% of infant deaths.
DISCUSSION
We did a large population based retrospective cohort
study of 532 016 births in Scotland between 1994-
2003, of which 2699 were stillbirths and 2182 resulted
in an infant death.We found that the social inequalities
in stillbirth and infant death in that time period were
partly but not fully attenuated by adjustment for
Table 2 | Numbers and rates of stillbirths and neonatal, post-neonatal, and infant death by deprivation category in Scotland
1994-2003 for 532 016 births
Deprivation category (No of births)
Rate (No) of deaths
Stillbirths* Neonatal† Post-neonatal† Infant†
1 (least) 98 745 3.8 (372) 2.2 (220) 0.9 (91) 3.2 (311)
2 96 622 4.7 (450) 2.2 (213) 1.1 (104) 3.3 (317)
3 104 260 5.3 (555) 2.6 (275) 1.5 (153) 4.1 (428)
4 110 570 5.5 (606) 2.5 (271) 1.8 (198) 4.3 (469)
5 (most) 121 819 5.9 (716) 3.1 (371) 2.5 (286) 5.4 (657)
All 532 016 5.1 (2699) 2.6 (1350) 1.6 (832) 4.1 (2182)
*Rate per 1000 total births.
†Rate per 1000 live births.
Table 3 | Numbers and rates of stillbirths and neonatal, post-neonatal, and infant death by
smoking category in Scotland 1994-2003 for 532 016 births
Smoking group (No of births)
Rate (No) of deaths
Stillbirths* Neonatal† Post-neonatal† Infant†
No 344 502 3.8 (1313) 2.1 (731) 1.0 (343) 3.1 (1074)
Yes 137 303 6.7 (914) 3.0 (414) 2.8 (380) 5.8 (794)
Not known 50 211 9.4 (472) 4.1 (205) 2.2 (109) 6.1 (314)
All 532 016 5.1 (2699) 2.6 (1350) 1.6 (832) 4.1 (2182)
*Rate per 1000 total births.
†Rate per 1000 live births.
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smoking during pregnancy and that smoking during
pregnancy accounted for approximately a third of the
inequality in stillbirths and infant deaths between the
most and least deprived groups in the population. The
gradient for neonatal deaths was less marked than
those for stillbirths and post-neonatal deaths.
Strengths and weaknesses
The strength of our study is that it is population based
and used one of the few national databases of routinely
collected information. The coverage and quality of the
data havebeen established to be good, and information
on socioeconomic position and smoking is available.
The Scottish morbidity record contains information
on all births in Scottish hospitals. Given that less than
1% of births take place outside of hospital in Scotland,
this database has excellent coverage; it is subject to reg-
ular quality assurance checks and is known to be 99%
complete.20 We selected the period between January
1994 and December 2003, as the quality of the data
are known to be very high from 1980 onwards, with
very few errors and missing data during this time, and
because the data on smoking have been collected only
since 1994.
Our study has some limitations that need to be con-
sidered. These concern the measurements of depriva-
tion, smoking, and potential confounders. The use of
area deprivation indices as measures of social inequal-
ity is well supported in the literature.21 These indices
provide a complementary picture to individual mea-
sures of socioeconomic status and may be particularly
useful in pregnant women, for whom determination of
socioeconomic position is known to be problematic.22
However, an area based score does not always corre-
spond to individually measured socioeconomic posi-
tion, as some women who would be categorised in
lower social classes live in affluent areas and many
women who would be categorised in higher social
classes live in deprived areas.
Previous research has indicated that women may
stop, reduce, and sometimes restart smoking at various
points during pregnancy.23 Given that nicotine depen-
dence can make quitting smoking very difficult,
attempts to maintain abstinence during pregnancy
are unsurprisingly often unsuccessful. In addition,
many womenmay be reluctant to disclose a perceived
socially undesirable behaviour to their clinicians dur-
ing pregnancy. As a result, recording the maternal
report on smoking (yes/no) during pregnancy once at
the initial booking visit will give only a snapshot (and
quite possibly an unrepresentative one). Ideally, one
would be able to study accurately quantified self
reported smoking at various points before and during
pregnancy along with salivary cotinine estimation.
This has been achieved in several longitudinal studies,
but collecting this information routinely for all women
during pregnancy is simply not practicable. This must
therefore be seen as a limitation of routinely collected
data compared with smaller longitudinal studies. On
the other hand, the outcomes of interest in this study
(stillbirth and infant death) are comparatively rare, so
few longitudinal studies are large enough to collect suf-
ficient numbers to accurately and precisely estimate
associationswith these rare outcomes at the population
level.We also consider that by including a non-respon-
der category in this study we have to some extent
tackled the problem of misclassification of smoking
status. Our analyses show that women in this “not
known” group have a similar risk profile to smokers.
This suggests either that they are smokers who choose
not to declare themselves as such or else that their “not
known” status is a marker of a risk factor that has a
similar magnitude to smoking. We consider the first
of these to be more likely. Unfortunately, no studies
from Scotland using cotinine validated self report
against which to validate these figures have been pub-
lished.
As most neonatal deaths are related to prematurity,
the universal access to improvements in neonatal care
seems to be reducingwhatmight otherwise be a steeper
social gradient for neonatal deaths. The apparent
effects of smoking during pregnancy on post-neonatal
Table 4 | Odds ratios (95% confidence intervals) of stillbirths and neonatal, post-neonatal,
and infant deaths by deprivation category in Scotland 1994-2003, with contribution of
smoking to the social inequality
Deprivation
category
Stillbirths
(n=2699)
Neonatal
(n=1350)
Post-neonatal
(n=832)
Infant
(n=2182)
1 (least) (reference
group):
Unadjusted 1 1 1 1
Model A* 1 1 1 1
Model B† 1 1 1 1
2:
Unadjusted 1.24 (1.08 to 1.42) 0.99 (0.82 to 1.20) 1.17 (0.88 to 1.55) 1.04 (0.89 to 1.22)
Model A* 1.22 (1.06 to 1.40) 0.97 (0.80 to 1.17) 1.10 (0.83 to 1.45) 1.01 (0.86 to 1.18)
Model B† 1.16 (1.01 to 1.33) 0.95 (0.78 to 1.14) 1.03 (0.78 to 1.37) 0.97 (0.83 to 1.13)
3:
Unadjusted 1.42 (1.24 to 1.61) 1.19 (0.99 to 1.42) 1.60 (1.23 to 2.07) 1.31 (1.13 to 1.51)
Model A* 1.39 (1.22 to 1.59) 1.14 (0.95 to 1.37) 1.42 (1.09 to 1.85) 1.22 (1.05 to 1.42)
Model B† 1.27 (1.11 to 1.45) 1.09 (0.91 to 1.30) 1.28 (0.98 to 1.66) 1.14 (0.98 to 1.32)
4:
Unadjusted 1.46 (1.28 to 1.66) 1.10 (0.92 to 1.32) 1.95 (1.52 to 2.50) 1.35 (1.17 to 1.56)
Model A* 1.42 (1.25 to 1.62) 1.05 (0.87 to 1.26) 1.65 (1.29 to 2.13) 1.23 (1.06 to 1.42)
Model B† 1.28 (1.12 to 1.46) 0.99 (0.82 to 1.19) 1.44 (1.12 to 1.86) 1.13 (0.97 to 1.31)
5 (most):
Unadjusted 1.56 (1.38 to 1.77) 1.37 (1.16 to 1.62) 2.56 (2.02 to 3.24) 1.72 (1.50 to 1.97)
Model A* 1.52 (1.34 to 1.73) 1.28 (1.07 to 1.51) 2.05 (1.61 to 2.61) 1.51 (1.32 to 1.74)
Model B† 1.32 (1.16 to 1.50) 1.19 (1.00 to 1.41) 1.70 (1.33 to 2.17) 1.35 (1.17 to 1.55)
Tests for trend‡ (P
value):
Unadjusted <0.001 <0.001 <0.001 <0.001
Model A* <0.001 0.003 <0.001 <0.001
Model B† <0.001 0.04 <0.001 <0.001
Contribution of
smoking (%)§
−38.46 −32.14 −33.33 −31.17
*Adjusted for year of birth, maternal age, parity, infant sex, primary obstetric intervention.
†Adjusted for year of birth, maternal age, parity, infant sex, primary obstetric intervention, smoking during
pregnancy.
‡χ2 test of effect of fitting deprivation category as ordinal rather than categorical variable.
§Contribution of smoking to inequality between deprivation categories 5 and 1.
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deaths could be explained by a direct effect on the feto-
placental unit during pregnancy, influencing or pro-
gramming neonatal health. However, smoking during
pregnancy may also act as a “marker” for smoking in
the postnatal period, which is an established risk for
post-neonatal death, in particular for sudden infant
death syndrome.24 As we did not have a measure of
smoking in the postnatal period, we cannot assess the
interplay of these factors.
Another limitationof thedatawas the lackof informa-
tion on the use of alcohol and illicit drugs during preg-
nancy and onmaternal pre-pregnancyweight. All these
factors are related to both smoking and stillbirth/infant
death. One could not argue that they are on the causal
pathway between smoking and the outcomes, but they
could be plausibly seen as potential confounders. On
the other hand, although we had information on both
birth weight and gestational age, we decided not to
include either preterm birth or low birth weight in the
models as we viewed them as potentially being on the
causal pathways between smoking and death and our
aim was to show the effect of smoking.
As far as we are aware, although several other studies
have investigated the associations between measures of
socioeconomic status, smoking during pregnancy, and
adverse perinatal and infant outcomes, this is the first
study using nationally collected data that has attempted
to deconstruct andquantify the contribution of smoking
to socioeconomic inequalities in both stillbirth and
infant death. Similar analyses in countries with a lower
prevalence of smoking would be very useful. The
method we have used to quantify the contribution of
smoking to social inequality is relatively straightforward
to calculate and could be used in other studies.19
Possible mechanisms and implications for clinicians and
policymakers
Despite recent policy interest in infant deaths,25 still-
birth accounts for a larger proportion of losses than
do infant deaths, and in most cases the cause remains
unclear. Reducing smoking during pregnancy may be
one of the few modifiable risk factors for this outcome
that might also reduce the social gradient. Both tack-
ling smoking during pregnancy and reducing infants’
exposure to tobacco smoke in the postnatal environ-
ment may help to reduce stillbirths and infant deaths
overall, but because smoking is more prevalent in
more deprived areas these measures may help to
reduce the socioeconomic inequalities in stillbirths
and infant deaths perhaps by as much as 30-40%.
Although the contribution of NHS smoking cessation
services to reducing smoking prevalence has been
small, it has had a disproportionate effect in the most
disadvantaged areas, thus potentially reducing
inequalities.26 Nevertheless, we would agree that
more powerful and innovative targeted interventions
are needed as well as action to strengthen tobacco con-
trol policy.27 Of course, many other considerations
exist—for example, differential uptake of interventions
and differential effects of antismoking policies such as
smokingbans. If social gradients in the risk of stillbirths
and infant death were partly attenuated by adjustment
for smoking, this would be useful support for the use of
antismokingmeasures to reduce the social gradients in
these outcomes.
Finally, even after taking smoking into account,most
of the effects of social deprivation are unexplained.
Therefore, action on smoking, although necessary, is
not in itself sufficient; other measures to improve the
social circumstances, social support, and health of
mothers and infants are needed.28
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